bile duct was cannulated through a ventral midline incision and bile was collected for 24 h after dosing, portions being taken for determination of radioactivity.
The distribution of tissue radiolabelling is shown in Table 1 . Autoradiography was in agreement with these findings; a slow accumulation of I4C in skin and fur was found with increasing time after drug administration. As expected, the levels of radioactivity in the stomach, initially high, drop quickly after dosing, whereas the label in the rest of the gastrointestinal tract falls slowly. Since cannulation experiments showed that only 0.4% of the dose is excreted over 24 h in bile, radioactivity in the intestines is unlikely to be due to biliary secretion of the drug. Autoradiography showed that the activity was concentrated round the lining of the intestinal wall, especially the caecum, where mucus formation particularly occurs. Absorption from the tissue must take place, since only traces of radioactivity can be detected in faeces (Waring, 1978; Turnbull et al., 1978) . The high levels of labelling in the kidney (1-2 h) decrease rapidly, whereas the lung concentrations of 14C are higher than blood values at 2-4h. It is noteworthy, since drug concentration in these organs is not common, that both the seminal vesicles and prostate show a high level of radioactivity soon after dosing. In the female, radioactivity appears to be concentrated in the cervix, the highest values being found after 24 h, whereas little labelling occurs in ovary or uterus.
From these results, S-carboxymethylcysteine (or a metabolite) has some affinity for rat bronchopulmonary tissue, but concentrations in other mucus-producing organs may be at least as high, if not higher, than those found in the lung. This may have therapeutic implications, particularly in the treatment of chronic prostatis, where the mucolytic action of S-carboxymethylcysteine might be effective.
The extracellular matrix not only functions as a structural support but has been shown in recent years to exert a profound effect on the biosynthetic activity of the cells embedded in it. This communication describes the identification and partial characterization of a short-chain triple-helical collagenous species which is synthesized in only trace amounts by chondrocytes cultured on plastic dishes, but occurs as a major collagenous product when cells are grown in collagen gels.
Chondrocytes were isolated from 18-day chick embryo sternae by collagenase/trypsin digestion and cultured in collagen gels as described by Schor (1980) . The culture medium used was Dulbecco's modified Eagle's medium supplemented with Hepes [4-(2-hydroxyethyl)-I-piperazine-ethanesulphonic acid], Bes { 2-1 bis-(2-hydroxyethyl)amino]ethanesulphonic acid} and Tes (2-{ [2-hydroxy-l,l-bis(hydroxymethyl)ethyl1amino }ethane-sulphonic acid) buffers (lOmM, pH 7.2), penicillin (100 units/ml), streptomycin (0.1 mg/ml), ascorbate (25 mg/ml), and foetal calf serum (16% v/v) from which the fibronectin had been removed by affinity chromatography (Enpall& Ruoslahti, 1977) . After 7 days in culture the cells were incubated for 24 h at 37OC with medium containing [14Clproline (0.75pCi/ml), ['Hlmannose (100pCi/ml) or [3Hlfucose (100pCi/ml). The medium was then separated from the cells and matrix by centrifugation, proteinase inhibitors were added and radiolabelled collagen species were precipitated with (NH,),SO, (30% saturation). The precipitated proteins were isolated by centrifugation, redissolved in 0.1 MTris/HCl (pH 7.4) containing 0.4 M-NaCI and proteinase inhibitors, and dialysed extensively against this solution. The newly synthesized proteins were analysed by polyacrylamide-gel electrophoresis (Laemmli, 1970) and fluorography (Laskey & Mills, 1975) and also by gel filtration on a 6% agarose column.
Electrophoretic analyses of [14C Iproline-labelled proteins in the medium from cultures grown in collagen gels revealed a prominent low-molecular-weight species which was shown to contain 4-hydroxy[ 14Clproline. Also present were polypeptides migrating in the positions of pro-al, p a l and a 1 chains. Proteins from the medium of cultures grown on plastic dishes showed the pro-al, p a l and a1 bands, but only traces of the lowmolecular-weight species. When the cultures were incubated with ['Hlmannose, only the bands co-migrating with proal and p C a l chains were shown to incorporate radioactivity, and when [3Hlfucose was used none of the collagen chains incorporated radioactivity. Thus the short-chain collegen did not incorporate either labelled sugar.
This short-chain collagen was found to be soluble in 0.5 M-acetic acid containing 0.8 M-NaCI, but was precipitable in 2ki-NaCI under acidic conditions: it was also insoluble in 0.02 M-Na,HPO,. Estimates of molecular weight by sodium dodecyl sulphate/polyacrylamide-gel electrophoresis, by using collagen standards prepared from al(1) chains by CNBr digestion and mammalian collagenase treatment, indicated that the short-chain collagenous polypeptides had a mol.wt. of 59 OOO. The corresponding pepsin-or chymotrypsin-digested molecules had mol.wts. of 45000. It is important to note that these values were uninfluenced by the presence or absence of reducing agents, indicating that the polypeptides were not linked by disulphide bonds.
The presence of low-molecular-weight collagenous polypeptides in pepsin digests of pig hyaline cartilage (Shimokomaki et al., 1980) , bovine nasal cartilage and human intervertebral disc (Ayad et al., 1981) has been reported. These collagenous components are also extremely soluble and precipitate only at high salt concentrations, but they are distinguished from the species synthesized by the chondrocytes grown in collagen gels by their solubility in 0.02M-Na2HPO4 (pH9.2), their mol.wt. of 33000, and their aggregated state when analysed under non-reducing conditions (Ayad et al., 198 1: Shimokomaki et al., 1980) . Confirmation of the differences in molecular size has been demonstrated by co-electrophoresis of the pepsin-digested short-chain collagen from our chondrocyte culture medium and a sample of the low-molecular-weight species isolated from nasal cartilage by pepsin digestion (a gift from Dr. S. Ayad, Department of Rheumatology, University of Manchester).
Short-chain collagens have also been recovered from pepsin digests of aortic (Chung et al., 1976) and placental tissue (Furuto & Miller, 1980; Jander et al., 1981) . These components are similar in molecular size (40000) and solubility to the chondrocyte-derived species described here, but are again distinguished by their occurrence as high-molecular-weight aggregates when unreduced. Thus the short-chain collagen synthesized by chick sternal chondrocytes in collagen-gel cultures appears to be a distinct collagenous species. (Lash & Vasan, 1978) and is able to stimulate myoblast fusion (White et al., 1975) . To gain some understanding of the cellular origin of extracellular collagen, we have in the present study compared the synthesis and secretion of collagen into the medium in muscle cultures during myogenesis, prepared from dissociated foetal muscle and human clonal myoblast at various stages during myogenesis. Primary cultures were initiated from dissociated foetal muscle as described by and contained a mixture of fibroblasts and myoblasts. The clonal myoblasts were obtained by isolating a single cell from a dissociated muscle-biopsy culture (Yasin, et al., 1980) . Cultures were selected at three stages of differentiation, namely pre-fusion myoblasts, mid-fusion and post-fusion, and corresponded to 3,6 and 9 days in vitro for foetal muscle cultures and 4, 7 and 10 days for the clonal muscle cultures. The collagen synthesized and secreted into the medium was analysed as follows.
At the various time points the cultures were labelled for 20h with 13H1glycine (20/,uCi/ml) and [3Hlproline (20/,uCi/ml) in Dulbecco's modified Eagle's medium supplemented with 10% (v/v) foetal calf serum, 2% (w/v) chick-embryo extract, sodium ascorbate (50 mg/ml), /3-aminopropionitrile fumarate (50 mg/ml) and antibiotics at 37OC in a lO%-CO, humidified incubator.
The media of the cultures were separated from the cell layers, and the collagens were extracted from the medium as previously described (Kundu et al., 1981) , except where the collagens were precipitated with 1.2~-instead of 0.9 M (Ristell et al., 1980) . The collagens were separated by sodium dodecyl sulphate/polyacrylamide-gel electrophoresis (Sykes et al., 1976) . The proportions of the various collagens were determined from the amount of radioactivity present in 1 mm gel slices (Kundu et al., 1981) . As an index of cell density we measured the protein content of the cell layer by the Lowry method. Table 1 shows the results of determinations of protein content of the cell layer, total collagen secreted and the percentage of type I collagen present during various stages of myogenesis of both cultures. [a(I)l,a, was the major type of collagen secreted in both the primary and clonal culture, but clonal myoblasts secreted 27 times more collagen at pre-fusion than did the foetal muscle cultures. However, in both instances there was a marked rise in the amount present at mid-fusion. In primary culture the proportion of type I fell by about 50% at post-fusion, whereas in clonal culture no appreciable change was observed. The similar protein content of the cells at pre-and mid-fusion of both types of cultures indicates that the cultures contained similar cell densities, thus suggesting that the difference in collagen content at pre-fusion reflects synthesis rather than number of cells present. In addition, we were able to detect a relatively minor peak between pl, and al(I), which co-migrated with a/3-chain of type V described by Burgeson et al. (1976) . The aA-chain was not detected, probably because of the trace amounts of type V present in both cultures.
The result of our study shows that type I collagen is the major polymorphic form of collagen secreted into the medium by human muscle cultures. In foetal muscle cultures this collagen is secreted in small amounts at pre-fusion but in larger amounts at mid-and post-fusion by both myoblasts and fibroblasts. In clonal cultures this collagen is secreted by myoblasts, but we cannot determine from our study whether myotubes also synthesize collagen. However, immunofluorescence analysis of quail muscle-cell clones (von der Mark et al., 1981) have indicated that myotubes do not synthesize collagen but that proliferating myoblasts do. Our findings for the human muscle clonal cultures would be consistent with this view, since only 30% of the clonal myoblasts fused to form multiuncleated myotubes. These findings would agree with von der Mark's (1981) conclusion that both fibroblasts and myoblasts synthesize callogen.
Type V collagen appeared at the later stage of differentiation, which in vivo is primarily concerned with the formation of basement membrane.
